Obesity is associated with increased cardiovascular morbidity and mortality, but the direct signals to initiate or exaggerate cardiomyopathy remain largely unknown. 
cardiomyopathy is frequently observed in obese patients. 6 Clinical studies show increased fatty acid uptake and oxidation damages the cardiac function in patients. 7 The accumulation of specific lipid intermediates affects a set of biological process, including mitochondrial function, metabolism and cardiac structure. 8 Besides other stimuli including natriuretic peptides, non-coding RNAs and inflammatory cytokines also contributes to the development of cardiac hypertrophy. [9] [10] [11] However, how the accumulation of cellular signals to initiate or exaggerate cardiomyocyte hypertrophy remains largely unknown.
Autotaxin is a secreted lysophospholipase D catalyzing the hydrolysis of lysophosphatidylcholine to lysophosphatidic acid (LPA), a pleiotropic growth factor-like phospholipid. 12 In humans, increased mRNA expression of autotaxin in fat and elevated circulating autotaxin has also been observed in obese patients with insulin resistance and glucose intolerance compared to those with normal glucose tolerance. 13 Furthermore, circulating levels of autotaxin correlate positively with insulin resistance in older humans, and are an independent predictor for non-alcoholic fatty liver disease. 14 Several insulin resistance-inducing factors, including interleukin-6 (IL-6), glucose and insulin, induce the expression and secretion of autotaxin in inflammatory status. 15 Consistently, the mRNA expression of fat autotaxin is significantly increased of both dietary and genetic obese mice, which is accompanied by increased circulating level of LPA. 16 LPA has numerous effects in almost all cell types through its G protein-coupled receptors, which plays a decisive role in the development of several diseases. 17 More importantly, a recent study identifies that autotaxin and LPA are involved in the pathobiology of cardiovascular disease. 18 LPA induces cardiomyocyte hypertrophy via stimulating the activation of Rho-mediated signals. 19 However, whether autotaxin/LPA signalling is involved in the process of obesity-related cardiomyopathy is still unknown.
Present study aims to explore the pathophysiological role of autotaxin/LPA in obesity-related cardiomyopathy through mouse model and human patients. Utilizing autotaxin inhibitor PF-8380, we investigate its therapeutic benefits in preventing cardiac hypertrophy and dysfunction in obese mice. Furthermore, the circulating levels of autotaxin are closely correlated with clinical parameters of cardiac function. Overall, our findings suggest autotaxin/LPA signalling mediates obesity-related cardiac injuries, and administration of specific autotaxin inhibitor is a potential therapeutic approach to improve cardiomyopathy. 
| MATERIALS AND METHODS

| Reagents
| Cardiac histological analysis
Mouse hearts were fixed in 4% paraformaldehyde for 24-hour and embedded in paraffin. 5 μm paraffin sections were prepared and stained with hematoxylin and eosin solution. To measure the histological changes, the cardiac images were observed under a light microscope (Nikon, Tokyo, Japan).
| Echocardiography analysis
Cardiac geometry and functional parameters were recorded in anesthetized mice using echocardiographic examinations which were obtained by using the Vevo 2100 system (Vevo). 
| Cell experiment
Primary mouse cardiomyocytes were isolated from C57BL/6J mice as previously described. 20 In detail, mouse hearts were removed and perfused with Krebs-Henseleit bicarbonate buffer containing (in mmol/L) the following: 118 NaCl, 4. 
| Western blot analysis
Protein extracts (50 μg) from the mouse hearts were boiled for 
| ATX activity assay
Fluorescence FS-3 was used as substrate to measure ATX activity.
Ten microlitre of conditional media was incubated with FS-3
in a 96-well plate for indicated times. 21 Results were determined by a microplate reader with 488 nm excitation and 520 nm emission.
| Human study
We have recruited 55 individuals undergoing cardiac ultrasound measurement at the First Affiliated Hospital of Weznhou Medical
University. Exclusion criteria of this study included: patients younger than 18 years or older than 80 years, with known structural heart diseases, congestive heart failure, coronary heart disease, moderate to severe valvular disease, sepsis, electrolyte imbalance, chronic obstructive pulmonary disease, history of liver or renal disease, malignancy, subclinical hyperthyroidism, history of drug abuse or pregnancy. Written informed consent was obtained from all participants and all the procedures were approved by human ethics committee of Wenzhou Medical University.
| Statistical analysis
Data were presented as mean ± SD. The Student's t test was used for comparing two groups or one-way ANOVA was used for comparing four groups. GraphPad Prism 5 (GraphPad, San Diego, CA, USA) was used to analyze the statistical significance between sets of data.
Differences were considered to be significant at P < 0.05.
3 | RESULTS
| Elevated autotaxin level is positively correlated with mouse cardiac hypertrophy
To investigate the pathophysiological role of autotaxin during the obesity, we firstly monitored the circulating autotaxin levels in obese mice. To this end, we fed mice with HFD for 0, 4, 8, 16 and 32-week, and monitored the changes of serum autotaxin. As Figure 1A showed, HFD time-dependently increased circulating autotaxin levels, as compared with normal chow (NC)-fed mice. This result indicated the levels of autotaxin were increased during the obese process. Previous studies have demonstrated that adipose tissues are major places of autotaxin synthesis, and determine the systemic levels of autotaxin. 22 Here, our real-time PCR results also found adipose tissue had higher mRNA level of autotaxin in both lean and obese mice ( Figure S1 ).
Atrial natriuretic peptide and BNP, two important secreted factors, are key characteristics of hypertrophic cardiomyopathy. 23 Therefore, we correlated the levels of autotaxin with these 2 cardiac parameters. As Figure 1B and C showed, circulating autotaxin levels were positively associated with serum ANP (r = 0.7309, P < 0.01) or BNP (r = 0.7531, P < 0.01) in mice. These results supported the possible links between autotaxin and obesity-related cardiomyopathy, especially cardiac hypertrophy.
| Autotaxin inhibitor PF-8380 attenuates HFDinduced cardiac hypertrophy and function
In order to address the role of autotaxin in the obesity-related cardiomyopathy, we next utilized PF-8380, a specific inhibitor of autotaxin, 24 to explore the cardiac changes after suppression of autotaxin activity. Administration of PF-8380 could not affect HFDinduced body weight gain (Figure 2A ). Then, we measured the ratio of heart weight/tibia length, which is a key marker of cardiac hypertrophy. 25 As Figure 2B showed, obese mice were significantly increased to 2.1-fold to NC-fed mice (P < 0.001), but PF-8380 effectively decreased this increment after 8-week treatment (P < 0.01).
The H&E staining showed PF-8380 significantly attenuated HFDinduced cardiomyocyte enlargement and structural disorders ( and BNP ( Figure 2I , P < 0.05).
We next evaluated the cardiac performance of these mice using echocardiography. As Figure 3 showed, HFD obviously damaged cardiac function, including reduction of EF ( Figure 3B , P < 0.001) and FS ( Figure 3C , P < 0.05). However, administration of PF-8380 improved cardiac systolic function ( Figure 3B and C, P < 0.05).
Echocardiographic studies also revealed that autotaxin inhibition caused a significant reduction of HFD-induced left ventricular hypertrophy, including downregulation of systolic and diastolic dimension ( Figure 3D and E, P < 0.05). All these results supported autotaxin mediated diet-induced mouse cardiac hypertrophy and dysfunction. Results are mean ± SEM, and n = 5 mice/group. *P < 0.05, **P < 0.01, ***P < 0.001
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| Autotaxin inhibitor PF-8380 inhibits cardiac inflammatory response in obese mice
Cardiac inflammation is a key characteristic of obesity-related cardiomyopathy, including increasing secretion of inflammatory cytokines and transcriptional activities. 26 As Figure 4A and C showed, obese mouse had remarkable induction of inflammatory factors, including TNF-α, IL-6 and iNOS (P < 0.01), but administration of PF-8380 effectively decreased these upregulation in obese mice (P < 0.05). On the other hand, PF-8380 also significantly decreased the levels of systemic inflammatory cytokines, including TNF-α, IL-6 and nitric oxide ( Figure S2 , P < 0.05). Nuclear factor (NF)-κB, as a key transcriptional factor, controls inflammatory response in obesityrelated cardiomyopathy. 27 As Figure 5D and E showed, PF-8380 decreased HFD-induced IκB phosphorylation and degradation (P < 0.01), as compared with vehicle-treated obese mice. Taken together, it demonstrated that autotaxin also controlled dietmediated cardiac inflammation in obese mice.
| LPA induces cellular damages in primary mouse cardiomyocytes
Previous studies have demonstrated that LPA, produced by autotaxin, regulates monocytosis and promotes inflammation. 28 To this end, we firstly measured the activity of autotaxin, which controls the production of PLA. As showed in Figure 5A , HFD increased the autotaxin activity to 1.7-fold, as compared with NC-fed mice. On the contrast, PF-8380 significantly decreased the autotaxin activities in both NC-and HFD-fed mice (P < 0.001). Consequently, the serum LPA levels were also obviously downregulated in PF-8380-treated mice ( Figure 5B , P < 0.001).
Next, we aimed to investigate the pathophysiological role of LPA in cardiomyocytes. As showed in Figure 5C 
(B-E) The measurement of EF% (B), FS% (C), left ventricular end-systolic dimension (LVESD) (D) and left ventricular end-diastolic dimension (LVEDD) (E).
Results are mean ± SEM, and n = 5 mice/group. *P < 0.05, **P < 0.01, ***P < 0.001 Previous studies have demonstrated that autotaxin is mainly produced in response to inflammation. For example, the high level of autotaxin persists in association with inflammatory diseases such as arthritis and inflammatory bowel disease. 29 The production of inflammatory cytokines, such as TNF-α and IL-1β, in damaged and inflamed tissue is a signal for increased expression of autotaxin. 30 In monocytic THP-1 cells, bacterial lipopolysaccharide, a well-known initiator of the inflammatory response, induces the expression of autotaxin. 31 The activity of NF-κB, a transcriptional regulator of inflammatory cytokines, is closely associated with cellular autotaxin expression. 31 Consistently, the mRNA expression of fat autotaxin is significantly increased in both dietary and genetic obese mice. 16 Mechanistically, the upregulation of circulating insulin or glucose levels may induce autotaxin production. 32 However, whether autotaxin affects inflammatory response or activity is still unknown. Present study found autotaxin inhibitor PF-8380 suppressed obesityinduced cardiac inflammation, which supported autotaxin also played feed-back effects on inflammatory response.
Adipose tissues are major source of circulating autotaxin and other inflammatory cytokines in obese status. 22 Adipose-specific deletion of autotaxin causes approximately 40% reduction in circulating LPA, suggests that adipocyte is the major source of circulating autotaxin in mice. 22 Adipocyte-specific deletion of autotaxin protects against HFD-induced metabolic disorders in mouse model. 33 Similarly, there are already amounts of studies that support the links between heart and peripheral tissues. For example, Adiponectin, an adipose-secreted adipokine, mediates the modulation of hypertrophic signals in the heart. 34 Leptin, another adipocyte-derived 16-kD peptide, induces hypertrophy in neonatal rat ventricular myocytes. 35 In our study, specific autotaxin inhibitor effectively improved HFDinduced cardiac hypertrophy, dysfunction and inflammation in mice.
More importantly, circulating levels of autotaxin were significantly correlated with parameters of cardiomyopathy in mice and human patients. All these results support that there is a close crosstalk between adipose tissues and heart, and autotaxin may participate in this tissue interaction.
However, although current study has not addressed the direct or indirect effects of adipose tissue-derived autotaxin on cardiomyocyte function, our results at least supported circulating autotaxin were closely associated with diet-induced cardiomyopathy. In future, we will investigate the cardiac changes in specific adipose tissue autotaxin deficient mouse model or mice with fat transplantation, which will solid disclose the tissue interaction.
The pathophysiological roles of autotaxin/LPA signalling in cardiovascular disease have rarely been elucidated now. Recent study shows transported autotaxin and synthesized LPA promotes inflammation and mineralization of the aortic valve. 18 In in vitro study, LPA stimulates cardiomyocyte hypertrophy, including enlargement of cell size, induction of hypertrophic genes and signalling. 19 LPA also induces cardiomyocyte hypertrophy through stimulating the expression of microRNA-23a. 36 More importantly, LPA significantly stimulates the activity of human BNP promoter, 37 which determines the cardiac hypertrophy. 23 These previous findings provide a clue that autotaxin/LPA may be involved in the process of cardiac hypertrophy. Therefore, present study investigated whether autotaxin/LPA signalling is a potential mediator in obesity-related cardiac hypertrophy. Interestingly, both mouse and human studies found the close correlation between circulating levels of autotaxin and cardiac parameters. Administration with autotaxin inhibitor effectively 39 Therefore, our study suggested autotaxin/LPA signalling was also a potential target for improving cardiomyopathy in obese condition.
In conclusion, our study uncovered the correlation between circulating autotaxin and cardiac parameters in mice and human patients, and provided solid evidence of the therapeutic application of autotaxin inhibitor in combating obesity-mediated cardiomyopathy. 
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